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(54) Radio telecommunications network 



(57) This invention deals with the problem of assign- 
ing the power offset between DPCCH and DPDCH . The 
problem arises from the usage of power control on the 
DPCCH whereas the quality that is under control (e.g. 
BER) is given on the DCH/ DPDCH. The power offset 
must be adjusted in such a way that the transmission 
power requirements of the DPCCH and the DPDCH are 
met without wasting to much of the power. An algorithm 
for assigning the power offsets is disclosed that consists 



of two main parts: 

Allocation of the specific G-values to every TFC by 
RRC in the RNC and signalling them to transmitting and 
receiving side (UE/ NodeB) via higher layer signalling. 

Autonomously adjusting of G in PHY regarding the 
current used TFC in the transmitter. The receiver deter- 
mines the G-value from the TFC via TFCI signalling. 

This algorithm allows efficient setting of dynamically 
variable offset values without too much signalling over- 
head. It is compliant to the currently UMTS standard. 
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Description 

[0001] This invention relates to radio telecommunications networks in which mobile stations communicate with base 
stations in dedicated physical data channels (DPDCHs) and dedicated physical control channels (DPCCHs), in which 

5 transmit power levels in the DPDCHs are set in releation to the transmit power level in the DPCCH by a power offset 
factor G. An example of such as network is the universal mobile telecommunications systems (UMTS). 
[0002] In the UMTS example, the DPDCH carries data of the Dedicated Channels (DCH), i.e. either transmitted user 
traffic or higher layer control information and the DPCCH carries physical layer control information, i.e. pilot symbols, 
transmission power control (TPC) bits and the transport format indicator (TFCI). 

10 . [0003] For implementation reasons the (Et/No)^, of the DPCCH is adjusted by the power control (PC) procedures 
(closed loop, outer loop PC). But it is the E^Nq of each DCH that determines the Quality of Service (QoS) of each 
Radio Access Bearer (RAB) and hence E^/Nq should be controlled by the PC. To solve this issue there is a power 
offset factor G between DPCCH and DPDCH defined in the 3GPP standards (3GPP UMTS TS 25.213: "Spreading 
and modulation (FDD)"). Desirably, the value of G should be adjusted in such a way that the ratio of bit energy to 

15 background noise density (E^No), and hence the transmission power requirements, of the DPCCH and the DPDCH, 
are met without wasting too much power. For example a high data rate DPDCH has to be transmitted with a higher 
transmission power than the low data rate DPCCH. 

[0004] Broadly, against this background the invention provides a radio telecommunications network, in which mobile 
stations communicate with base stations in dedicated physical data channels (DPDCHs) and a dedicated physical 
20 control channel (DPCCH), transmit power levels in the DPCCH being controlled by detecting received signal levels in 
the DPCCH, and transmit power levels in the DPDCHs being set in relation to the transmit power level in the DPCCH 
for a traffic format combination I, by an amplitude factor G(l) given: 



30 in the uplink 



G 2 (J)> Z^EJN^rN^l) 
35 3 NsdUE.iN^^md) 



in the downlink. 

[0005] Where (E^No); is the ratio of bit energy to background noise density which is required to achieve a class of 
40 service dependent desired bit error rate for data channel i 



N bitj is the number of bits desired to be sent per frame in channel i 
N ctrl is the number of bits per frame in the control channel 

(Efc/NoWi is the ratio of bit energy to background noise density which is required to achieve a desired bit error rate 
45 in the control channel 

m(l) is the number of multi-codes; and 

N s (l) is the total number of symbols per frame in the data channel. 

[0006] In more detail, the relation between the (E|/N 0 ) ctrl of the DPCCH and the Eb/N 0 of each DCH varies depending 
so on the currently used mix of data rates of the DCH which is given by the Transport Format Combination (TFC). Detailed 
investigations reveal that there is a fixed relation between G and TFC. Therefore by properly setting of G, the E^Nq 
of the DCH can be controlled using (E b /N 0 ) ctr1 of the DPCCH, too. 

[0007] A preferred embodiment of the invention therefore includes a stored table of values of (E^Nq), for different 
combinations of class of service, spreading factor and rate matching levels, the value of (E^N^ used to set the transmit 
55 power level in the DPDCH being selected according to the spreading factor and the rate matching level resulting from 
a selected traffic format combination (TFC) A 

[0008] Since the values of E^Nq together with the TFCS are known, the power offset G could, perhaps, be adjusted 
by the transmitting side (UE or NodeB) autonomously. However there are some reasons to not allow the transmitting 
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side to calculate the value of G by itself: 

[0009] If the transmitter has to decide by itself about the used power offset then the E^Nq values for all services has 
to be known. They are not only dependent on the service but also on the despreading and decoding method in the 
receiver (manufacturer dependent), the environment etc. 
5 [0010] For decoding (e.g. normalizing the channel estimate) the receiving side has to know the G, too. If G is calcu- 
lated autonomously in the transmitter the same value has to be calculated also in the receiver. Due to different calcu- 
lation methods, e.g. different accuracy there might be different results in transmitter and receiver. 
[0011] In some situations (e.g. soft Handover) other offsets has to be adjusted. This only can be decided in the 
network. 

10 [0012] If the transmitter can decide the power offset by itself, the algorithm has to be standardized. This limits the 
flexibility for enhancing of the algorithms. 

[0013] Most preferebly, therefore, the contents of the table is sent to the mobile station and to the base station from 
, a radio network controller (RNC), the mobile station and the base station being operative to calculate the spreading 
factor and rate matching levels resulting from a desired TFC, to select the (E b N 0 )s appropriate to the classes of service, 
*s the spreading factor and the rate matching levels, and to calculate the respective amplitude factor G. 
[0014] Reference is made to the following papers: 

3GPP UMTS TS 25.214: "Physical Layer Procedures (FDD)"; 

O. Salonaho, J. Laakso: "Flexible Power Allocation For Physical Control Channel In Wideband CDMA," IEEE 
20 VTC'99; and 

Ericsson: "Amplitude differences between uplink DPCCH and DPDCHs," TDoc 3GPP TSG-RAN WG1 347/99 

[0015] The invention also extends to a method of operating a radio telecommunications network, in which mobile 
stations communicate with base stations in dedicated physical data channels (DPDCHs) and a dedicated physical 
25 control channel (DPCCH), the method comprising controlling transmit power levels in the DPCCH by detecting received 
signal levels in the DPCCH, and setting transmit power levels in the DPDCHs in relation to the transmit power level in 
the DPCCH for a traffic format combination I, by an amplitude factor G(l) given: 

30 

N clfl -(E h /N 0 ) llH -m(l) 
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in the downlink. 

[0016] Where (E^No), is the ratio of bit energy to background noise density which is required to achieve a class of 
service dependent desired bit error rate for data channel i 



N biti is the number of bits desired to be sent per frame in channel i 
N clr , is the number of bits per frame in the control channel 

( E b^ N o)ctri ls the rati0 of bit energy to background noise density which is required to achieve a desired bit error rate 
in the control channel 
50 m(l) is the number of multi-codes; and 

N s (l) is the total number of symbols per frame in the data channel. 

[0017] A preferred embodiment of the invention will now be described, by way of example, with reference to the 
accompanying drawings, in which: 



Figure 1 is a block diagram of a UMTS model, transmitter side in a radio telecommunications network embodying 
the invention; and 

Figure 2 shows an overview of an embodiment of the proposed power assignment algorithm. 
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[0018] Broadly the network deals with the problem of assigning the power offset between DPCCH and DPDCH. The 
problem arises from the usage of power control on the DPCCH whereas the quality that is under control (e.g. BER) is 
given on the DCH/ DPDCH. In this embodiment, the power is adjusted in such a way that the transmission power 
requirements of the DPCCH and the DPDCH are met without wasting too much power. 
[0019] An algorithm for assigning the power offsets consists of two main parts: 

1 . Allocation of the specific G-values to every TFC, i.e. to every combination of class of service, spreading factor 
and rate matching level resulting from the TFCs. These may be allocated by RRC in the RNC and signalled to 
transmitting and receiving side (UE/ NodeB) via higher layer signalling. Or alternatively, to save on calculations 
necessary in the RRC, the table of values of Ej/Nq is stored for each combination of classes of service, spreading 
factor and rate matching level resulting form every TFC. The contents of the table are transmitted to the transmitting 
side and the receiving side and the calculation is done there for the particular TFC to be used. 

2. Autonomous adjustment of G in PHY regarding the current used TFC in the transmitter. The receiver determines 
or calculates the G-value from the TFC via TFCI signalling. 

[0020] This algorithm allows efficient setting of dynamically variable offset values without too much signalling over- 
head. It is compliant to the currently UMTS standard. 

[0021] The UMTS physical layer model for the uplink and for the downlink is depicted in FIG. 2. The DCH of one 
user are coded and multiplexed into one or several DPDCH. Additional rate matching is applied to balance the E^Nq 
requirements of different DCH. The DPDCH are weighted by an amplitude factor G, multiplexed with the DPCCH and 
spread to a chip rate W. 

[0022] The description of the variables is as follows: 

DCH, is described by (Ei/Nq); and data rate R bj . The number of bits (transport block set size) is N bjtj . The current 
data rate is given by R Bi = N bit /10 ms. 

All DPDCHj have the same E s /N 0 and the same symbol rate R s . The number of symbols is N s . The number of 
used multi-codes is m. 

[0023] The DPCCH is described by (E B /N 0 ) ctr1 and control bit rate R ctr) . The number of control bits is N ctr , = N pjlot + 
n tpc + n tfci (P' lot » TPC and TFC1 )- 

[0024] The relation between (E^N^ of DCH, and E s /N 0 is given by 



[0025] Where (Et/No), is the ratio of bit energy to background noise density which is required to achieve a class of 
service dependent desired bit error rate for data channel i 

N bitj is the number of bits desired to be sent per frame in channel i 

E s /N 0 is the ratio of symbol energy to background noise density 

N si is the number of symbols required for channel after coding and rate matching. 

[0026] The number of symbols N s for one DPDCH is calculated by the sum of all N Si weighted by the number of 
multicodes m 



[0027] In the uplink the DPCCH is code-multiplexed- to the DPDCH. Thus, the relation between (E^/Nq)^, of the 
DPCCH and E s /N 0 of one DPDCH in the uplink is given by 
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N ctr , is the number of bits per frame in the control channel 

(Eb/N 0 ) ctr | is the ratio of bit energy to background noise density which is required to achieve a desired bit error rate 
in the control channel, and 

N s (l) is the total number of symbols per frame in the data channel. 

[0028] If there is no data to send on the DPDCH it is switched off and hence G = 0. 

[0029] From eq. (1) - eq. (3) follows the relation between (Eb/Nq)^ and (E^/Nq^ of all DCH in the uplink 
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[0030] In the downlink, time-multiplex between DPDCH and DPCCH is used. Hence, the relation between (E B /N 0 ) ctr , 
of the DPCCH and E$/^o of one DPDCH in the downlink is given by 



' E ^ 



G\ (5) 



V ), trl 

[0031] From eq. (1), eq. (2) and eq. (5) follows the relation between (Eb/Nq)^, and (E^q); of all DCH in the downlink 
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[0032] The power control adjusts the transmission power on the DPCCH and hence (Eq/Nq)^. If the power offset 
«o factor G between DPDCH and DPCCH is chosen that eq. (4) (uplink) or eq. (6) (downlink) is fulfilled for every combi- 
nation of N bjtj (TFCI) the value of (E B /N 0 ) ctrl remains constant even in the case of variable data rates without any extra 
signalling beyond TFCI. 

[0033] The relation between G and the p-factors mentioned in the standards referred to above is simply G = IVIW 
(Note: in the present arrangement, all active DPDCHs get the same power offset). The channel with maximum power 
45 always has p = 1 .0 and the others have p < 1 .0. The p-values are quantized into 4 bits, and the quantization steps are 
given in 3GPP UMTS TS 25.213: "Spreading and modulation (FDD)". 

[0034J Figure 2 gives an overview of the proposed rate matching algorithm. It consists of two main parts, which are 
defined as follows: 

[0035] Radio Resource Control function that is located in the Radio Network Controler (RNC) for both uplink as well 
50 as downlink. 

[0036] Layer 1 functions that are located in the transmitter side, i.e. in the NodeB for the downlink and in the UE for 
the uplink, and in the receiving side, i.e. the UE for the downlink and the NodeB for the uplink. 
[0037] The power assignment algorithm is as follows: 

[0038] Inputs to the algorithm are the required (E^N^ for each DCHj and the number of data bits per data frame 
55 N bitiO) of DCH i f <> r each transport format combination TFC(I). The number of symbols N s (l) and the number of DPDCH 
(i.e. multicodes) m(l) is also known. The number of control bits N ctr( is assumed fixed. The (Eb/N 0 ) ctli of the DPCCH is 
determined by the required BER of e.g. the TPC or TFCI bits. It depends on several conditions, e.g. whether the UE 
is in soft handoff. 
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[0039] The power offsets G(l) for each TFC(I) will be determined. Using eq. (4) and eq. (6) the following assignment 
formulation can be used: 
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10 in the uplink 
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N s (l)-(E k /N 0 ) flrl -m(l) 



in the downlink. 

[0040] Either a complete set of values of G for all TFCs can be sent to the mobile station and the RNC or a complete 
20 table of Eb/N 0 for all TFCs can be sent. Discrete values of G(l) may be used to save implementation effort and trans- 
mission overhead. Then the next higher valid G(l) must be chosen, which implies a slight waste of transmission power. 
Equal G(l) might be related to different TFC(I). 

[0041] If there are fewer values of G(l) allowed than the number of TFC(I), the procedure is as follows: At first the 
TFC(I) that have similar G(l) are grouped into the same group. The number of groups equals or is less than the number 
25 of allowed G-values. Then the highest G(l) is taken and connected to the group of TFC. Depending on the number of 
allowed G(l) there is a higher waste of transmission power. 

[0042] The calculated G(l) or table of Et/N 0 will be transmitted to both the transmitting and the receiving side together 
with the TFC(I) using higher layer signalling. From this point, there is a fixed relation between the TFC(I) and the G(l). 
[0043] At the transmitting side the physical layer adjusts autonomously the power offset G(l) that is related to the 
30 chosen TFC(I) for transmission. The p-factor can be used, but the algorithm is not limited to it. The exact method 
depends on the implementation. The TFC(I) is coded into the transport format combination indicator TFCI that will be 
transmitted on the DPCCH to the receiving side. 

[0044] From the received TFCI the physical layer in the receiver knows the TFC(I) of the data frame that is currently 
used. Because inner loop power control adjusts the transmission power in such a way that (E^N 0 ) et(1 of the DPCCH 
35 remains constant the TFCI can be properly decoded even in case of changing the data rate (and TFC) of the DCHs. 
The TFC information will normally be used to decode and demultiplex the data blocks of the DCH currently in use. 
Moreover, in the embodiment, the receiver knows implicitly G(l) from TFC(I) and hence can use this parameter for 
detection of the transmitted data (e.g. normalizing the channel estimate). 

[0045] Variations in the environment, e.g. due to soft handover, changes the value of (E^Nq)^ of the DPCCH. 
40 Variations of the user behaviour, e.g. changing the TFCS due to RAB procedures changes the values of [E^N Q ) k and/ 
or N biti( ! ) of DCH i for each TFC(I). Then, the RNC calculates new values G(l) and send them to both, the transmitting 
and receiving side again via higher layer signalling. 

[0046] The power offset assignment algorithm solves the problem of adjusting the power offset between DPCCH 

and DPDCH. It has the following properties: 
4 5 [0047] It consists of two main parts: 1 . Allocation of the specific G-values to every TFC in the RNC and signalling 

them to transmitting and receiving side via higher layer signalling. 2. Autonomously adjusting of G regarding the current 

used TFC in the transmitter. The receiver determines the G-value from the TFC via TFCI signalling. 

[0048] Transmission of the G-values is only necessary for initialisation, e.g. when connection setup or reconfiguration. 

During normal transmission the adjusting is done regarding the current assigned TFC. Hence no additional signalling 
so beyond TFCI is necessary. 

[0049] It can be used for adjusting G in the uplink and in the downlink. 

[0050] Different power offset values for Pilot, TPC and TFCI can be supported by handling them as separate channels 
with N ctr11 =N piloll N ctrl2 =N TPC and N ctrl3 =N TFCI . 

[0051] The algorithm supports the usage of limited numbers of G-values, e.g. due to quantization or reduced signal- 
55 ling overhead. 
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Claims 



1. A radio telecommunications network, in which mobile stations communicate with base stations in dedicated phys- 
ical data channels (DPDCHs) and a dedicated physical control channel (DPCCH), transmit power levels in the 
5 DPCCH being controlled by detecting received signal levels in the DPCCH, and transmit power levels in the DP- 

DCHs being set in relation to the transmit power level in the DPCCH for a traffic format combination I, by an 
amplitude factor G(l) given: 



10 



is in the uplink 



25 



in the downlink. 
Where 



G 2 (l)Z 



20 N s 0)-(EjN {) ) arl . m (l) 



(Etj/No), is the ratio of bit energy to background noise density which is required to achieve a class of service 
dependent desired bit error rate for data channel i 
N bilj is the number of bits desired to be sent per frame in channel i 
N ctr , is the number of bits per frame in the control channel 
30 ( E b/ N o)ctri is the rati0 of bit energy to background noise density which is required to achieve a desired bit error 

rate in the control channel 
m(l) is the number of multi-codes; and 

N s (l) is the total number of symbols per frame in the data channel. 



35 2. A radio telecommunications network, as claimed in claim 1 , including a stored table of values of (Ej/Nq), for different 
combinations of class of service, spreading factor and rate matching levels, the value of (E t /N 0 ) i used to set the 
transmit power level in the DPDCH being selected according to the spreading factor and the rate matching level 
resulting from a selected traffic format combination (TFC) A 



3. A radio telecommunications network as claimed in claim 2, wherein the contents of the table is sent to the mobile 
station and to the base station from a radio network controller (RNC), the mobile station and the base station being 
operative to calculate the spreading factor and rate matching levels resulting from a desired TFC, to select the 
(E b N 0 )s appropriate to the classes of service, the spreading factor and the rate matching levels, and to calculate 
the respective amplitude factor G. 

45 

4. A radio telecommunications network as claimed in claim 2 or 3, wherein there are fewer discrete values of G(l) 
allowed than the number of TFC(I), TFC(I) that have similar G(l) being grouped into the same group, the number 
of groups being equal to or is less than the number of allowed G-values, the highest G(l) in the group being taken 
and connected to the group of TFC. 

50 

5. A method of operating a radio telecommunications network, in which mobile stations communicate with base sta- 
tions in dedicated physical data channels (DPDCHs) and a dedicated physical control channel (DPCCH), the meth- 
od comprising controlling transmit power levels in the DPCCH by detecting received signal levels in the DPCCH, 
and setting transmit power levels in the DPDCHs in relation to the transmit power level in the DPCCH for a traffic 

55 format combination I, by an amplitude factor G(l) given: 
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in the uplink 



a 2 (i)> 



in the downlink. 
Where 

(Eb/Ng), is the ratio of bit energy to background noise density which is required to achieve a class of service 

dependent desired bit error rate for data channel i 

N bilj is the number of bits desired to be sent per frame in channel i 

N ctrl is the number of bits per frame in the control channel 

(Efc/No)^, is the ratio of bit energy to background noise density which is required to achieve a desired bit error 

rate in the control channel 

m(l) is the number of multi-codes; and 

N s (l) is the total number of symbols per frame in the data channel. 

A- method as claimed in claim 5, including storing a table of values of (Ej/Nq), for different combinations of class 
of service, spreading factor and rate matching levels, and selecting the value of {E^N^ used to set the transmit 
power level in the DPDCH according to the spreading factor and the rate matching level resulting from a selected 
traffic format combination (TFC) /. 

A method as claimed in claim 6, wherein the contents of the table is sent to the mobile station and to the base 
station from a radio network controller (RNC), and the mobile station and the base station operate to calculate the 
spreading factor and rate matching levels resulting from a desired TFC, to select the (E b N 0 )s appropriate to the 
classes of service, the spreading factor and the rate matching levels, and to calculate the respective amplitude 
factor G. 

A method as claimed in claim 6 or 7, wherein there are fewer discrete values of G(l) allowed than the number of 
TFC(I), TFC(I) that have similar G(l) being grouped into the same group, the number of groups being equal to or 
is less than the number of allowed G-values, the highest G(l) in the group being taken and connected to the group 
of TFC. 
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